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This report dochme 

FOREWORD 

ts the tes s performed on various 
cable configurations to evaluate the Nozzle Severance, 
Insulated (NSI) and other cables inside the Space 

Shuttle Solid Rocket Booster (SRB) aft skirts. The 
wsrk was performed under Contract NAS8-32982, "Solid 
Rocket Booster Thermal Protection System Material 
Development." 
sentative for this work is Mr. Bill Baker, EP44. 

The NASA Contracting Officer's Repre- 
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INTRODUCTION 

Some seven d i f f e r e n t  configurat ions of t he  NSI and o the r  cab le s  were 

The tests were conducted t e s t ed  i n  the  NASA-MSFC Hot Gas F a c i l i t y  (HGF). 

t o  study what happens t o  the  cab le s  when they are exposed t o  ho t  flow as 

w a s  t h e  case i n  t h e  f i r s t  two S h u t t l e  f l i g h t s ,  t he  STS-1 and STS-2. The 

thermal c u r l a i n  around t h e  a f t  s k i r t  a f t  r ing  and the nozzle compliance 

r i n g  f a i l e d  during reentry on both these f l i g h t s  allowing t h e  flow t o  g e t  

t o  the  inboard equipment and cables.  

v i t a l  f o r  var ious funct ions e spec ia l ly  t o  a t t a i n  proper nozzle separation. 

There w a s  a nozzle separat ion f a i l u r e  on the  right-hand SRB on STS-2. The 

tests i n  the  HGF demonstrated t h e  s e v e r i t y  of t h e  aerodynamic fo rces  com- 

bined with aero heating environment on t h e  test cables  and helped, i n  gen- 

eral, t o  evaluate  the  cable  wrap materials and cable mounting hardware and 

technique. 

NSI cables. 

proof compound. 

protect ion of t h e  cables  must be properly clamped a t  i ts  ends. 

clamps (or t i e s )  used t o  secure cables  t o  metal components i n s i d e  t h e  s k i r t  

could not withstand the  heating. 

board slirface of the a f t  s k i r t  when troweled over the cables  performed 

exce l l en t ly  i n  p ro tec t ing  t h e  cables  and mounting hardware. 

l aye r  of "Insta-Foam" over t h e  cab le s  was s u f f i c i e n t  t o  p ro tec t  t he  cables.  

Protect ion of these components is 

"Blastape 11" made by Johns-Manville i s  u t i l i z e d  t o  p ro tec t  t he  

The tape is made of asbestos ,  Inconel wire and a s p e c i a l  flame- 

The "Blastape 11" cable  wrap which is adequate f o r  thermal 

The nylon 

K5NA closeout  material used on the  out- 

Also a th i ck  
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TECHNICAL DISCUSSION 

The cable  test models were b u i l t  on test panels and a l l ,  except one, 

were mounted i n  T e s t  Posi t ion 1 of the Hot Gas F a c i l i t y  test  sec t ion  where 

the clean body heating rate is  the lowest a t t a i n a b l e .  A t y p i c a l  cable loop 

model i s  shown i n  Fig. 1, It c o n s i s t s  of a length of f l i g h t  cable  with a 

clear p l a s t i c  sheathing which is  layed on a l eng th  of cable  wrap material 

ca l l ed  "Blastape 11." 

length and t h i s  arrangement is mounted on a base p l a t e  by means of hose 

clamps as shown i n  Fig. 1. 

flow during which no damage t o  t h e  cable  o r  its wrap w a s  apparent. 

then subjected t o  6.03 seconds of hot  flow which f a i l e d  the in su la t ing  

Blastape and exposed the  cable  as shown i n  Fig. 2. 

This tape is  simply folded over t he  cable  along i ts  

The model was subjected t o  60 seconds of cold 

It was 

Figure 3 shows a shor t  lengch of f l i g h t  cable  and connector, both 

wrapped with Blastape. 

f i r s t  and then on t o  the cable  with a t  least  a 50% overlap of t h e  tape 

material. The connector is  inounted i n  the base plate  and the other  end of 

the cable  is  fastened t o  a small v e r t i c a l  bracket. This model w a s  a l s o  

exposed t o  60 seconds of cold flow and then 6.04 seconds of hot  flow. It 

is  theorized t h a t  t he  top end of t he  cable  broke loose f irst  allowing the  

cable  t o  f l a p  i n  the  flow and thus causing the  e n t i r e  wrapped material t o  

be l o s t  a t  once (See Fig. 4). Another model of t he  same configuration was 

made up with the end of t he  cable  fastened more r i g i d l y  as shown i n  Fig. 5. 

The r e s u l t s ,  however, were similar as shown i n  the post- tes t  p i c t u r e  of 

Fig. 6. 

The tape is wrapped s p i r a l l y  around t h e  connector 

To simulate y e t  another area of t he  NSI cables  i n  the a f t  s k i r t ,  

a model shown i n  Fig. 7 was made up. 

f l i g h t  type cables spaced 1/2-in. a p a r t  and clamped between s teel  blocks a t  

It consis ted of two 1/8-in. diameter 
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a r ep rescmat ive  d is tance  apa r t  on a f l a t  aluminum panel p a r t i a l l y  protected 

with cork. After  26 seconds of test, when the  run had t o  be terminated due 

t o  aluminum temperature d i r e c t l y  under the  cables  having reached 400 F, a l l  

cork w a s  l o s t  (probably due t o  f a u l t y  bond). 

were sagging a l i t t l e  as seen i n  Fig. 8.  

were the  same as f a r  as cables  were concerned (see Figs. 9 and 10). Y e t  

another repeat  run w a s  made wi th  the  exception t h a t  t he  aluminum backface 

temperature w a s  allowed t o  rise above 400 F i n  order  t o  obta in  a longer ,?st 

duration. 

the photograph of Fig. 11 where one port ion of cable  was l o s t  and another 

was loosened. 

The cables  looked good but  

This test w a s  repeated and resu-:s 

The r e s u l t  of t h i s  test which l a s t e d  50.3 seconds is depicted i n  

Figure 12  is a l s o  a cable  model similar t o  the  one shown i n  Fig. 9. Here 

the  cables  are wrapped indiv idua l ly  with "Blastape 11" and fastened with nylon 

t i es  that are bonded with EA 934 t o  small steel plates bol ted t o  t h e  aluminum 

base. A post- tes t  p i c tu re  of t h i s  node1 is shown ia Fig. 13. The two cables  

shown here were recovered la ter  a f t e r  t he  test. 

found and are believed t o  have d is in tegra ted  due t o  t h e  hea t  e a r l y  i n  the  

test which was run a f u l l  60 seconds (maximum run time i n  HGF). I n  order t o  

f ind  a so lu t ion  t o  the  problem of proper cable  mounting technique, t he  model 

of cables  with Blastape and nylon ties w a s  taken and a ramp of K5NA closeout 

material was b u i l t  up over t he  cables  as shown i n  Fig. 14. 
run f o r  60 seconds a l s o  and v i r t u a l l y  no damage, a s i d e  from the  normal char 

formation, w a s  indicated.  

The c l ~ p  could not  be 

This model w a s  

Figure 15 is a photograph taken from ins ide  the  a f t  s k i r t  of A-11 showing 

d cable  routed i n  a U-shape over t he  a f t  s k i r t  af t - r ing.  

r a t i o n  is the subjec t  of the  next test  model shown i n  Fig. 16. 

seen is wrapped with "Blastape 11" and routed on the  test panel i n  the  manner 

shown i n  Fig. 15. 

bonded t o  the  test panel with EA 934. The cork on the  downstream half  of the  

panel is t o  pro tec t  the  aluminum base p l a t e  i n  the  higher heat ing rate region 

i r  the  HGF. 

could not  withstand the  heating. 

Fig. 17 with the  r e l a t i v e l y  unda. -d cable  recovered a f t e r  the test. 

This cable  configu- 

The cable  as 

I t  is  fastened with nylon ties threaded through nylon bases  

The cable  was l o s t  during the  test again because the  nylon ties 

These t ies,  broken i n  pieces ,  are shown i n  
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A f t  s k i r t  rerout ing cables  are depicted i n  the photograph of t he  inboard 

surface of A-12inFig. 18. 

mounting ties and t y p i c a l  spacing between ties w a s  simulated with a cable  

model b u i l t  on a f l a t  test panel. Post- tes t  photographs of t h e  moC'..-l shows 

t h a t  t he  cable  came loose completely from its clamps, a problem encountered 

i n  earlier tests (see Fig. 19). 

This type configurat ion of cables  including t h e  

An a l t e r n a t e  cable  wrap material known as "3M Heat Barrier Tape SJ800OX" was 

tested.  

t h i c k  a rd  hard t o  s p i r a l  wrap "Blastape 11." 

earlier during the  s t r u t  cable  wrap materials evaluat ion test program and had 

fail&; so i t  was believed t h a t  two l a y e r s  of t h e  3M tape and one add i t iona l  

layer of aluminum f o i l  tape (Specif icat ion No. STW4-2543), both s p i r a l  wrapped 

with a t  least 50% overlap t o  render a t o t a l  of 6 l a y e r s  over t h e  cable ,  would 

be adequate. 

the other  materials during t h e  s t r u t  cable  evaluat ion test program. 

model shown i n  Fig. 20 was mounted i n  Pos i t i on  4 of the  HGF test sect ion.  

temperature of the surface of t he  cable  reached 300 F i n  12 seconds and the  

tes t  cable  w a s  destroyed (see Fig. 21) before  t h e  run w a s  terminated a t  14.8 

seconds . 

The 3M tape i s  a very p l i a b l e ,  easy-to-wrap tape as opposed t o  t h e  

The 3M tape had been t e s t ed  

This cable  wrap w a s  t e s t e d  under i d e n t i c a l  condi t ions as were 

The test 

The 

The cable  test model of Fig. 14 had two thermocouples on the  back s i d e  of 

These thermocouples recorded maximum tem- the panel and under the  K5NA ramp. 

peratures  of only 142 F s ince  they were located d i r e c t l y  under the hump of t he  

K5NA material. 
num panel would be higher a t  t h e  start of t he  ramp. 

the maximum bond l i n e  temperature a t t a ined  during the  60-second test t o  a i d  i n  

e s t ab l i sh ing  the  upper temperature l i m i t  f o r  t he  bond between K5NA and the  

aluminum. 

viodsly t e s t ed  panel of Fig. 14. 

s ince  the  bare  aluminum i n  f r o n t  of t he  panel reached 480 F and the run had t o  

be cu t .  

the  end of the run and post- tes t  inspect ion of the panel showed no s i g n s  of 

debonding between the KSNA and the aluminum base p l a t e .  

The temperature of t h e  bond l i n e  between the  K5NA and the alumi- 

It was necessary t o  know 

Additional thermocoiiples were i n s t a l l e d  f o r  t h i s  purpose on the  pre- 

The panel was rerun f o r  about 28 seconds only,  

The thermocouples under the  panel where t h e  ramp s t a r t e d  read 350 F a t  
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Figure 22 shows a ramp of "Instafoam" made up in a 3 in. deep s teel  

pan t h a t  i s  28 in. long and 22 in. wide. The pan carries assorted cab le s  

a t  its bottom, with a thermocouple a t tached t o  each one, buried i n  the  foam. 

The pan w a s  mounted i n  Pos i t i on  1 of the  HGF test sec t ion  where the average 

heating rate on t h e  ramp is estimated t o  be 11 B t u / f t  -sec. 

t he  condition of "Instafoam" a f t e r  77 seconds of hot  flow over i t .  The 

thermocouples did not  respond s ince  they were buried deep i n  the  foam. 

2 Fig. 23 shows 
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OBSERVATIONS 

The q u a l i t a t i v e  observat ions t h a t  can be  made from t h e  cables  tests are: 

The"B1astape 11" is  a good cable  wrap material bu t  when 
wrapped on t h e  cables  o r  connectors needs t o  be clamped 
securely so  t h a t  i t  cannot s l i d e  off  t he  cable.  

The nylon cable  ties used to clamp the  cables  are not  
s u i t a b l e  when they are exposed t o  t h e  hot  flow. 

Bare cables  should not  be exposed t o  hot  aerodynatlic flow, 
f o r  they w i l l  su re ly  f a i l .  

Cables and t h e i r  fas ten ing  devices  when protected with K5NA 
closeout  materials w i l l  no t  f a i l  and the  U N A  w i l l  no t  debond 
from i ts  appl ied su r face  when t h e  sur face  g e t s  t o  a t  least  
a s  high a s  35C F, perhaps higher.  

The 3M Heat Barrier Tape, though easy t o  wrap cables  w i t h ,  
is no t  as good as t h e  "Blastape 11" f o r  thermally pro tec t ing  
t h e  cables.  

Cables when buried under 3 in.  of "Instafoam" would survive 
the -hea t ing  predicted f o r  thermal c u r t a i n  f a i l u r e ,  though it 
is  notknown how well  it would t ake  the  aerodynamic and aero- 
shear forces.  
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